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Solution. — Take the given point as the origin, let the diameter of the 
circular field he represented by (a) ; put for any angle of elevation and <p 
for the angle of azimuth so taken that when the projectile will fall on the 
circumference of the field we shall have <p = 2d. Now since any por 
tion of the surface of a hemisphere whose radius is (a) (the diameter of 
the given circle) and whose center is at the given point is expressed by 

a j j cos d d 6 d <p, 
therefore the favorable cases will be expressed by the integral 
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for the chance that the projectile will fall on the circular field. 



TANGENCY OF EYFERBOLOIDS OF REVOLUTION. 



BY PROF. C. M. W00DWAED, ST. LOUIS, MO. 

In his Applied Mechanics p. 430, under the head of skew-bevel wheels, 

Prof. Rankine says: "If two hyperbo- 
loids, equal or unequal be placed in the 
closest possible contact, they will touch 
each other along one of the generating 
straight lines of each which will form 
their line of contact." 

This matter of tangency is stated with- 
out proper limitation, but the graphical 
method given later for finding the obli- 
quities and the gorge circles of the re- 
quired hyperboloids involves the condi- 
tion of possibility of such a tangency, 
which I propose to deduce directly from 
two tangent hyperboloids by the methods of descriptive geometry. 

Letr, and r 3 be the radii of the two gorge circles, and i Y and i a the 
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obliquities of the two surfaces (i. e. the angles which the elements make 
with their respective axes) ; then the required condition is 

r l : r a = tan i 1 : tan i 3 . 

Take, as in the Fig., the plane through the axis of the first surface, par- 
allel to the axis of the second as the vertical, and a plane perpendicular 
to the axis of the first surface, as the horizontal plane. Since the sur- 
faces are tangent, and the plane tangent to both at the point where their 
gorge circles touch each other contains the common element and is par- 
allel to the vertical plane, the common element is parallel to the vertical 
plane and its vertical projection is a common asymptote to the vertical pro- 
jections of the surfaces. 

At any point of the element of contact, as at N, (n, n') draw a com- 
mon normal to the two surfaces- It intersects both axes, one in O, and 
the other in P. 

Since M N is parallel to vertical plane, o' nl p' must be perpendicular 
to ml n'. Now the horizontal projecting plane of M N divids the per- 
pendicular between the axes into /•, and r 2 , and the normal into N 
and N P; hence 

r, : r 2 = ON : N P 
= o' n' : nl p'. 

The obliquities of the surfaces are given in full size in the vertical pro- 
jection; that is i x ~o' ml n' and i 2 = nl m' p'. 

Hence, tan *', : tan i 2 = ol nl : n' p' 

and r x : r 2 = tan i t : tan *',. 

Q. E. D. 
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